The magnetic fluid and magnetic grease combination rotary Sealing structure device have been designed, and the experimental station and process of this structure was discussed. The results shows that,when the sealing gap were 0.3mm, 0.4mm, 0.5mm and 0.6mm respectively, the pressure capacity was mainly related with the sealing stage, magnetic field strength, magnetic fluid saturation magnetization and yield stress of magnetic grease.
Introduction
Magnetic fluid sealing is a new form of sealing method, it is rely on the liquid material to fill the gap to achieve sealing function. It has many advantages: zero leakage, long life, no pollution high reliability. It's typical sealing gap is 0.1mm-0.3mm ] 1
[ , but in many cases , in order to meet the high vibration resistance , the gap to be sealed structure is greater than 0.3mm [2] . In these situation, use the traditional sealing method or other forms of sealing may have some difficulties: poor sealing functions, difficult to process the components ,difficult to assemble, complex structures and so on ] 4
[ . So it is gradually turned to study the magnetic fluid sealing which is a new sealing method, it is very important to study the large gap under the magnetic fluid sealing technology. The pressure performance,the leakage rate of magnetic fluid sealing and the life of the sealing structure are very important performance indicators ] 5
[ .This paper presents a magnetic fluid and magnetic grease combination rotary sealing structure, the gap can be adjusted from 0.3mm to 0.7mm, it was also tested the pressure capacity and the leakage rate under the corresponding sealing gap. The results showed that the design of the combination sealing structure is not only can solve the large gap problems, but also improved the sealing pressure capability.
The principle of magnetic fluid sealing
In its typical form of the structure, a magnetic fluid seal ( Fig.1) consists of two pole pieces, separated by an axially polarized permanent magnet, the magnetic fluid and the magnetically permeable shaft which is to be sealed. All these parts together form a closed magnetic circuit. The sharp-edged structures in the pole pieces (or in the shaft) locally build up a very small clearance between the dynamic (shaft) and static(pole piece). ) (
Where the 0 µ is the vacuum permeability, s M is the saturation magnetization of magnetic fluid, n is the number of pole piece，H is the magnetic field intensity in the seal gap, max H and min H is the maximum and the minimum of the magnetic field intensity within the magnetic fluid region. By Formula (1), we can see that, the main factors of the magnetic fluid sealing capacity are sealing gap and the magnetic field distribution. However, the materials and the size of the magnet and the pole pieces are also determined the capacity, the main factor that decided the magnetic field distribution is the sealing gap. The experiment was to test the abilities of magnetic fluid sealing under different gaps.
The experiments of magnetic fluid static sealing.
The large gap magnetic fluid sealing structure was designed as figure 2 shows, it includes the sealing chamber, permanent magnet, the magnetic pole pieces and so on. There are five permanent magnets, each of them with its corresponding permanent magnet pole pieces can constitute more magnetic circuits, the teeth structures are the triangular shapes, the fisrt teeth is rectangular,and the number of the tooth is 9, each teeth is the same size. The sealing chamber housing is 304 stainless steel non-magnetic materials, the permanent magnet material is NdFeB, because it has large energy product, it can produced high strength magnetic field. The pole pieces are the iron, and the shaft is ICr13, we can get the different shaft sealing gaps by processing the center shaft.
Fig.2 Device of magnetic fluid sealing
The experiment was divided into two parts, the first part is to test the pressure capacity of the magnetic fluid seal, and the second is to test the leakage. In the first part, open the valve, making the high-pressure helium continuously fill the sealing chamber by regulating the valve. At the beginning, it was filled about 0.03 to 0.04MPa helium. Since then it is filled about 0.01MPa nitrogen every one or two minutes, at the same time it is determined whether the sealing damaged or not by helium leak detectors, and the barometer read the pressure when it is damaged. To get the different sealing gaps by processing the axis, and the data measured under different gaps show in Table 1 . After 24 hours later，every magnetic fluid sealing was broken, recorded the pressure capacity, and because of the magnetic fluid's self-repair functions it can still be maintained to some pressure value. The data show in Table 1 . Tab For the leakage detection process, we can use the smoking gun to detect the leakage. The smoking gun was connected to the equipment, and the sealing chamber was filled with a certain proportion of helium-nitrogen gas mixture. When it reached the maximum pressure capacities,we can get the leakage values, the data was shown as 
Analysis of the experiment data
We can get the curve A from the data in the [ , and for the magnetic fluid sealing structure designed in this paper, when the sealing gap is 0.4mm, the single-stage pressure capacity can reach at about 37KPa. The pressure capacity decreases gradually with the sealing gap increases. And the single-stage pressure could reach 18KPa when the gap is 0.7mm. In addition, the magnetic fluid sealing has self-repair function, when the magnetic fluid is broken by high pressure, it can also maintain a good pressure capability. Fig.3 The relation between the sealing gaps and anti-pressure capacity Form Table 2 we can see that, with the sealing gap increases, the leakage rate which was measured has not increased, but has been decreased with the helium leak detector vacuum improved. So the magnetic fluid sealing can also be seen as "zero" leakage.
Summary
(1) The pressure capacity of magnetic fluid sealing decreases with the sealing gap increases, and the sealing pressure capacity has improved much greater than common structure. (2) The magnetic fluid sealing has the self-repair functions, it could still have a good pressure capacity after restoring. (3) In the present experimental conditions, the magnetic fluid "zero" leakage conclusion is still valid.
